Our previous study showed that tumor budding is a significant indicator of a poor prognosis in lung squamous cell carcinoma patients. Tumor budding-positive (Bud(+)) cases of lung squamous cell carcinoma (SqCC) showed locally aggressive growth, and the positivity was a useful indicator of the lymph node status and prognosis. The present study focused on the clinicopathologic significance of laminin-5γ2 chain expression for local aggressiveness in lung SqCC. Laminin-5γ2 chain immunohistochemical stains in tissue samples were divided into three distinct types: basement membrane (B type; laminin-5γ2 present in basement membrane), cytoplasmic (C type; laminin-5γ2 present in intracellular matrix), and invasive front (F type; laminin-5γ2 present in cytoplasm, and strongly in part of peripheral nest). The F type was more common in Bud(+) cases than tumor budding-negative (Bud(−)) cases; B and C types were less common in Bud(+) cases (P < 0.001). The F type was more closely associated with decreased overall survival than the B and C types (P < 0.001 for both). Univariate analysis showed that the F type could be used to predict tumor size, lymph node metastasis, lymphatic invasion, tumor infiltrative patterns, tumor budding, and laminin-5γ2 chain staining. Multivariate analysis showed that laminin-5γ2 chain staining and tumor budding could be used to predict patient mortality (P < 0.001 and P = 0.005, respectively). The overall survival rate after curative resection was lower in patients with the
Infiltration (INF) patterns were defined as tumor growth patterns at the invasive front (7, 10, 16) , and INFc means an infiltrative growth with the unclear tumor margin. In our previous study, we classified INF patterns of lung squamous cell carcinomas (SqCC) into two groups, i.e., cases with an INFc component (INFc(+)) and those without an INFc component (INFc(−)), and INFc(+) showed a poorer outcome compared to INFc(−) (19) . Furthermore, tumor budding was a poorly-differentiated component at the invasive front (8) , and shows locally aggressive growth. In the study (19) , we found that tumor budding in lung SqCC was a useful indicator of the lymph node status and prognosis. Tumor budding was significantly associated with lymph nodal histological analysis were rapidly fixed with 10% buffered formalin for 24-48 h, and routinely embedded in paraffin. The tumors were cut at approximately 5-10-mm intervals. Tumor invasion, as well as lymphatic invasion, was examined in 4-μm-thick sections stained with hematoxylin and eosin. The degree of lymphatic invasion was classified as: ly0, no lymphatic invasion; ly1+, mild lymphatic invasion; ly2+, moderate lymphatic invasion; ly3+, severe lymphatic invasion. Vascular and pleural invasion was evaluated using the Verhoeff-Van Gieson method. The degree of venous invasion was classified as: v0, no venous invasion; v1+, minimal venous invasion, i.e., one or two foci of venous invasion in one histological section; v2+, moderate venous invasion, i.e., three or four foci; or v3+, severe venous invasion with more than five foci. Tumor infiltrative patterns (INF) at the invasive front were classified into three groups according to the general rules for gastric cancer studies (7, 10, 16) The degree of lymph node metastasis was classified as: N0, no lymph node metastasis; N1, ipsilateral peribronchial and/or ipsilateral hilar lymph node metastasis; or N2, ipsilateral mediastinal and/or subcarinal lymph node metastasis based on TNM classification (28). The stromal types, i.e., cancer-stroma relationship patterns, were also classified into three groups: medullary type, stroma is scanty; intermediate type, quantity of stroma is intermediate between those of the scirrhous and medullary types; and scirrhous type, stroma is abundant (10) . Tumor budding was defined as single cancer cells and clusters composed of up to four cancer cells (8) . These cancer cells were observed in cancer-stroma lesions at the tumor's invasive front. Numbers of tumor budding foci were counted in the histological fields in which the tumor budding intensity was maximal within the histological section, using a ×20 objective lens described previously (34) . In this study, metastasis, lymphatic invasion, the scirrhous stromal type, and infiltrative pattern, and decreased postoperative survival (19) . Therefore, tumor budding could be a useful indicator of local aggressiveness in lung SqCC patients. Laminins are a family of glycoproteins of the extracellular matrix localized mainly in the basement membranes. They have important functions in the development and maintenance of cellular organization and the supramolecular structure, and also regulate cell adhesion, migration, and differentiation (3, 4, 31, 35) . The laminin molecule is a cross-shaped heterotrimer consisting of one heavy α chain and the two light chains-β and γ (3, 31) . These chains form a variety of laminin isoforms, which are thought to be tissue-specific and function differently (4). Laminin-5 is an isoform of the laminin family and is composed of α3, β3, and γ2 chains, the latter of which, γ2, is specific to laminin-5 (5, 11, 26, 27) . Laminin-5 serves as an important adhesion protein for epithelial cells positioned on basement membranes, and plays an important role in cell migration (3, 4, 11, 20, 26, 31) . Laminin-5 was found to be expressed in cytoplasm of migrating keratinocytes within healing skin wounds (14) . Furthermore, a specific cleavage of laminin-5γ2 by matrix metalloproteinase-2 is thought to be critical to cell migration during tumor invasion and tissue remodeling (6) . This laminin isoform is highly expressed in invading cancer cells at the advancing front of various cancers, including oral (12, 24) , gastric (13), gallbladder (23), pancreatic (32) , and colorectal (25) cancers. Our present study focused on the clinicopathologic significance of laminin-5γ2 expression for local aggressiveness in lung SqCC.
MATERIALS AND METHODS
Lung cancer specimens. All cancer tissue specimens were obtained from surgically resected lung SqCC cases after receiving informed consent from patients. The 100 patients (94 men and 6 women; age range, 43-85 years; mean age, 67.36 ± 0.91 years) with lung SqCC underwent radical surgery (lobectomy and mediastinal lymphadenectomy) at Tokai University Hospital. The tumor stages were defined according to the TNM classification of the International Union Against Cancer (UICC) (28) , and the histological types according to the World Health Organization classifications (33) . The median postoperative follow-up duration was 1,528 (41-3,837) days.
Histological examination. Lung tissue specimens for
acid residues 382-608) as an antigen. All sections were treated with proteinase XXIV (Sigma, St Louis, MO, USA) for 8 min at 37°C. Sections were incubated with antibody at 4°C overnight. Labeled antigen was detected by a HistoFine kit (Nichirei Pharmaceutical, Tokyo, Japan) and visualized by the diaminobenzidine tetrahydrochloride reaction (1).
Expression patterns of laminin-5γ2 chain. Using the distribution of laminin-5γ2 immunohistochemical staining patterns, samples were divided into three groups, as follows ( Fig. 1 ): a) Basement membrane type (B type): the laminin-5γ2 was present in basethe cases were classified into two groups: tumor budding-positive/negative (Bud(+)/Bud(−)) cases.
Immunohistochemial analysis. Deparaffinized and dehydrated sections were immersed in 0.3% hydrogen peroxide (H 2 O 2 ) in methanol for 30 min to abolish endogenous peroxidase activity. Four-μm-thick paraffin sections were then mounted on aminoacyl silane-coated glass slides and used for immunohistochemical analysis of laminin-5γ2. For the laminin-5γ2 chain, mouse monoclonal antibody D4B5 (Merk Millipore, Temecula, CA, USA) was prepared using the human recombinant laminin-5γ2 chain (amino Fig. 1 Hematoxylin-eosin and immunohistochemical findings of lung squamous cell carcinoma invasion and laminin-5γ2 chain staining patterns. In the basement membrane type (A, B), laminin-5γ2 was present in basement membranes surrounding neoplastic tissue. In the cytoplasmic type (C, D), laminin-5γ2 was present in cytoplasm. In the front type (E, F), laminin-5γ2 was present in cytoplasm, and part of the tumor nest periphery was strongly positive.
laminin-5γ2 was present in cytoplasm (>10% of cytoplasm stained laminin-5γ2-positive); and c) Front type (F type): laminin-5γ2 was present in cytoplasm, ment membranes surrounding neoplastic glandular structures (>10% of basement membrane stained laminin-5γ2-positive); b) Cytoplasmic type (C type): Statistical analysis. Univariate analyses (chi-square test) were primarily used for selecting variables on the basis of a value of P < 0.05. Cox proportional hazards regression analysis was used to determine the net effect of each predictor while controlling for effects of the other factors by uni-and multivariate analysis. Hazard ratios (HR) and their 95% confidence intervals (CI) were used to assess independent contributions of significant factors. P < 0.05 was considered significant. The patient survival time was measured from the date of surgery; death from all causes (without discrimination between deaths resulting from lung carcinoma and other causes) was taken as the outcome. Survival curves were created with the Kaplan-Meier method and compared using the log-rank test. All analyses were performed using the SPSS II statistical software package (version 19.0; SPSS, Tokyo, Japan).
RESULTS
Laminin-5γ2 expression patterns were classified into three distinct types: B type (25, 25.0%), C type (34, 34.0%), and F type (41, 41.0%). Cases with the F type showed poor outcomes compared to cases with the B or C type (P < 0.001; HR, 5.089; 95% CI, 2.876-9.007) ( Table 1 ). The stroma of the cancer tissues, i.e., the cancer-stroma relationship patterns, were divided into three groups: medullary type Relationships between laminin-5γ2 chain staining and clinicopathological features are summarized in Table 2 . Lymph nodal metastasis (P < 0.001), lymphatic invasion (P < 0.001), the scirrhous stromal type (P = 0.025), infiltrative pattern (P < 0.001), and tumor budding (P < 0.001) had significantly higher incidences in the F type. The overall survival rate after curative resection was lower for patients with the F type than in those with the B or C type (P < 0.001 for both, log-rank test). Using the KaplanMeier method and log rank test, patient outcomes for those with the B or C type were significantly better than for those with the F type (Fig. 2) . The aforementioned univariate analyses identified six factors associated with increased mortality in patients with lung SqCC ( Bud(−) type than the B+C/Bud(−) type (Fig. 3) .
DISCUSSION
The number of surgically resected lung SqCC cases has recently increased because of advances in imaging diagnosis and operative procedures. In this study, we reviewed 100 surgically resected cases of human lung SqCC to clarify cancer invasiveness by classifying laminin-5γ2 staining patterns. Laminin-5γ2 staining of cancer invasive fronts was more frequent in INFc(+) and Bud(+) types than in INFc(−) and were confirmed as independent predictors of patient mortality. According to the combination of laminin-5γ2 and tumor budding expression, the cases were divided into four groups as follows: Thirty-nine (39.0%) cases were the B+C/Bud(−) type; eighteen cases (18.0%) were the B+C/Bud(+) type; eight cases (8.0%) were the F/Bud(−) type; and thirty-five cases (35.0%) were the F/Bud(+) type. The overall survival rate after curative resection was lower in patients with the F/Bud(+) type than in those with the B+C/Bud(−) and B+C/Bud(+) types (P < 0.001 for both, log-rank test), and also lower with the F/ tumor budding in colorectal carcinoma (19, 21, 34) . Therefore, we analyzed tumor budding and laminin-5γ2 in human SqCC.
Laminins play a central role in organizing and establishing basement membranes (3, 4, 31, 35) . Laminin-5 is an identified laminin isoform, which functions as an adhesion component for epithelial cells (26) . It contains unique laminin variant chains, one of which, the γ2 chain, has recently been cloned and sequenced. Reportedly, laminin-5 is an important adhesion protein for epithelial cells positioned on basement membranes. Some studies have found laminin-5γ2 to be intensely expressed in invasive fronts of cancers in some digestive organs; others showed loss of laminin-5 in the epithelium-stroma interface to be an immunohistochemical marker for malignant epithelial lesions. Several studies have reported evaluations of posiBud(−) types. To our knowledge, this is the first report that describes the relationship between tumor budding and lung SqCC invasiveness. Lung cancer is the leading cause of cancer mortality worldwide. Despite complete surgical resection, the patients occasionally develop local recurrence or distant metastasis. Our previous study has analyzed INF patterns as tumor growth patterns at the invasive front, as well as tumor budding as a poorly-differentiated component at the invasive front, in the cases of human lung SqCC (19) . Multivariate analysis demonstrated that tumor budding, but not INF, was a significant indicator of high malignant potential and a poor patient prognosis. Previous studies have reported several molecular alterations which occur during tumor budding, and interactions between cellular adhesion molecules, including β-catenin, E-cadherin, CD44 and laminin-5γ2, and Bud(−)/Bud(+): budding-negative/positive Fig. 3 Combining laminin-5γ2 expression patterns with tumor budding and cumulative survival of patients with lung squamous cell carcinoma. Significant differences: *P < 0.001; **P = 0.028; ***P = 0.044 tive laminin-5γ2 staining in human lung cancers. Taira et al. demonstrated a relationship between laminin expression and the tumor budding/tumor nest in lung SqCC (30), but did not clarify patterns of laminin-5γ2 staining in the tumor nests. On the other hand, some previous studies reported laminin-5γ2 staining patterns in other organs, and the staining patterns have been classified into three or four types (12, 13, 23, 24) . Therefore, we classified the laminin-5γ2 expression patterns of lung SqCC into three types (B, C, and F types) based on the above previous studies. B type of laminin-5γ2 staining is thought to be associated with formation of the basement membrane, which is composed of major structural proteins such as collagen type IV, laminin, and heparin sulfate proteoglycan. The formation of basement membrane plays a barrier role against cancer invasion (23) . In the present study, therefore, B type, as well as C type, of laminin-5γ2 staining was not correlated with tumor budding. However, laminin-5γ2 expression at the cancer invasive front (F type) was correlated with tumor budding, which was thought to be important for stromal aggressive invasion. Laminin-5γ2 expressions of cancer fronts reflected the invasiveness of cancer nests, and were shown to indicate an interaction between cancer cells and stromal tissue. In addition, we analyzed the relationships between laminin-5γ2 expression and clinical recurrence patterns, but did not demonstrate any significant differences (data not shown).
In conclusion, F type laminin-5γ2 staining is significantly correlated with the locally aggressive growth of SqCC, and may become a useful indicator of the prognosis; this utility could be enhanced by combining laminin-5γ2 staining with a tumor budding assay.
